Abstract Metarhizium anisopliae sensu stricto (ss) (Metsch.) Sorok. isolate ICIPE 07 is being developed as biopesticide for the control of ticks. In addition, leaf extracts of Calpurnia aurea Benth, and the attraction aggregation and attachment pheromone (AAAP) are being used as ticks' attractant. The three agents are being considered for use in combination in an autodissemination approach, whereby ticks that are attracted to semiochemicals are infected with the inoculum. Experiments were therefore conducted to evaluate in vitro the compatibility between C. aurea, AAAP, and the M. anisopliae on vegetative growth, conidial production, and spore viability. Calpurnia aurea leaf extract was compatible with the fungus at all the concentrations tested, whereas AAAP inhibited all the fungal growth parameters. The virulence of M. anisopliae formulated in emulsifiable extracts of C. aurea was also tested against different developmental stages of Rhipicephalus appendiculatus in laboratory bioassays. No significant differences in virulence were observed between M. anisopliae applied alone and M. anisopliae formulated in different concentrations of C. aurea leaf extracts. These results suggest that C. aurea leaf extracts is compatible with M. anisopliae and could be mixed together for ''spot-spray'' treatments as low-cost and environmental-friendly technology to control ticks in grazing field, while AAAP should be used separately.
Introduction
Rhipicephalus appendiculatus Neumann, 1901 (Acari: Ixodidae) known as cattle tick, is a serious pest in livestock production. It is one of the world's most widely distributed and damaging tick (Watt and Walker 2000; Ndhlovu et al. 2009 ). It transmits a wide range of devastating, even fatal diseases of livestock including East cost fever, Corridor disease, and theileriosis (Razmi et al. 2003) , which are considered to be an important constraint to the development of the livestock industry in Africa (Zahid Iqbal et al. 2006) .
Current tick control methods still heavily depend on the application of synthetic acaricides such as organophosphates (malathion and comaphous). Safety risks for humans and domestic animals to this strategy include environmental contamination (Pell et al. 2001) , impacts on non-target organisms (Schulze et al. 2001) , human health problems due to chemical residues in food products (Ostfeld et al. 2006) , and the development of resistance in ticks (Graf et al. 2004 ). More environmental-friendly alternatives such as biological control based on the use entomopathogenic fungi are being developed (Feng et al. 2004; Faria and Wraight 2007; Maniania et al. 2007; Nchu et al. 2010) . Metarhizium anisopliae sensu stricto (Metsch.) Sorokin (Hypocreales: Clavicipitaceae) is among the entomopathogenic fungi that has received considerable attention in recent years (Briggs et al. 2006; Abolins et al. 2007; Tavassoli et al. 2008; Nchu et al. 2010) .
Inundative release is the most common method widely used for the introduction of entomopathogens into the environment for the control of arthropod pests (Lacey and Goettel 1995) including ticks (Kaaya and Hassan 2000) . However, a new approach is being investigated, whereby ticks that are attracted to a semiochemicals, such as attraction-aggregation-attachment pheromone (AAAP), are infected with entomopathogenic fungi (Nchu et al. 2009 ). Recently, Nchu et al. (2010) reported reduction of Amblyomma variegatum Fabricius (Acari: Ixodidae) populations in the field by infecting them with conidia of M. anisopliae applied in semiochemical-baited traps.
A number of ethnoveterinary plants have been reported to attract ticks of the genera Rhipicephalus (Hassan et al. 1994; Zorloni et al. 2010) . Recently, Nana et al. (2010) demonstrated the attraction of R. pulchellus and R. appendiculatus to leaf extracts of Calpurnia aurea Benth (Fabaceae). It can be therefore envisaged to use the leaf extracts of this plant in combination with entomopathogenic fungi in a kairomonebaited trap system for autodissemination of fungal conidia in the field. However, plant extracts can affect entomopathogenic fungi negatively (Duarte et al. 1992; Malo 1993; Marques et al. 2004; Depieri et al. 2005 ) and subsequently, the control of the target pest (Akbar et al. 2005; Mohan et al. 2007 ). For instance, Depieri et al. (2005) reported that aqueous seed extract from Azadirachta indica A. Juss. (Meliaceae) (Neem) reduced conidial vegetative growth and production of Beauveria bassiana (Bals.) Vuill. (Hypocreales: Cordycipitaceae). On the other hand, some plant extracts have been reported to have synergistic effect on insect mortality (Mohan et al. 2007 ). The present study was, therefore, initiated to evaluate in vitro the effects of the leaf extract of C. aurea and of AAAP on growth parameters (radial growth and spore production) of the fungus M. anisopliae. We also investigated whether the virulence of M. anisopliae formulated in emulsifiable extract of C. aurea against different developmental stages of R. appendiculatus can be affected.
Materials and methods

Plant material
Calpurnia aurea leaves were collected in September 2007 in the Lowveld National Botanical Garden in Nelspruit, South Africa. Identification was performed at the Botanical Garden Herbarium, Pretoria, South Africa, where a voucher specimen was deposited under the number 3206.
Leaves were dried in the shade and ground to a fine powder with a McSalib mill (Eloff 1999) . The powder was stored in a closed glass container in the dark.
Preparation of C. aurea emulsifiable formulation
The dry powder (100 g) of C. aurea was macerated in 500 ml of corn oil (Elianto Ò , BIDCO Oil Refineries Ltd., Nairobi, Kenya) and 100 ml distilled water for 6 h and then placed in a water bath at 40°C for 2 h. The mixture was later filtered, and the different concentrations (12.5, 25, 50 and 100 mg/ml) were obtained by serial dilution.
Preparation of the pheromone Attraction-aggregation-attachment pheromone (AAAP) was prepared by mixing 0.2 mg of ortho-nitrophenol, 0.1 mg of methyl salicylate, and 0.8 mg of nonanoic acid. The synthetic compounds were obtained from Sigma-Aldrich Chemie GmbH, Steinheim, Germany. Concentrations of 0.005, 0.01, and 0.02 mg/ml were used. Concentration of 0.02 mg/ml was previously shown to significantly attract R. appendiculatus (Nchu et al. 2009 ).
Tick colony
Different stages (larvae, nymphs, and adults) of R. appendiculatus ticks were used. They were obtained from the icipe's Animal and Quarantine Rearing Unit. The ticks were counted in batches of 20. Each batch was then placed in a vial with a cotton wool plug, and the ticks were stored in darkness at RH 75% and 25 ± 2°C until further use.
Fungus
Metarhizium anisopliae isolate ICIPE 07 used in this study was obtained from the icipe Arthropod Germplasm Centre. The strain was isolated from an engorged female A. variegatum collected from Rusinga Island, Kenya, in 1996 and was previously reported to be virulent against R. appendiculatus (Kaaya et al. 1996) . The fungus was stored under mineral oil before being used in the experiment. The virulence of the isolated fungus was restored by passage through adult R. appendiculatus. Conidia were produced on long rice as substrate using Milner's bag process (Nchu et al. 2009 ).
Mycelia dry weight assessment
A conidial suspension (0.1 ml) titrated 1 9 10 6 conidia ml -1 was spread-plated on SDA medium plates. Plates were then incubated at 25 ± 2°C for three days to obtain mycelial mats (Dimbi et al. 2004 ). The unsporulated mycelial mats were then cut into round agar plugs using a 4-mm diameter cork borer and each agar plug was then transferred singly onto the center of a 90-mm-diameter Petri dish containing fresh SDA agar amended with 1.2, 2.5, 5, and 10% C. aurea. In the case of AAAP, agar was amended with concentrations of 0.005, 0.01, and 0.02% of AAAP. In the controls, plates were amended with respective solvents. Four Petri dishes (replicates) per treatment were sealed with Parafilm and incubated in complete darkness at 25 ± 2°C for 7 days. After 1 week, the mycelial mat was harvested with sterile spatula, placed in sterile Petri dishes containing filter paper. The initial weight of the filter paper was recorded. The Petri dishes were kept in hot air in oven at 50-60°C for 30 min, and the final weight of the fungal mat along with the filter paper was recorded immediately. The difference between the final and initial weight was considered as dry weight of mycelium.
Radial fungal growth
Agar plugs were obtained using the same technique as described above. Each agar plug was then transferred onto the center of a fresh SDA plate amended with 0, 1.2, 2.5, 5, and 10% emulsifiable extracts of C. aurea or 0.005, 0.01, and 0.02% AAAP as described above. Plates were sealed with Parafilm and incubated upside down in complete darkness at 25 ± 2°C. Radial growth was recorded daily for 6 days using two cardinal diameters, through two orthogonal axes previously drawn on the bottom of each Petri dish to serve as a reference. The experiment was replicated four times.
Spore production assessment Agar plugs obtained as described earlier were transferred onto the center of a fresh SDA plate amended with emulsifiable extracts of C. aurea or AAAP at the same concentrations as above. Plates were then incubated at 25 ± 2°C for 7 days. The sporulated mycelial mats were then cut from the culture plates into round agar plugs using a 4-mm-diameter cork borer. Each agar plug was then transferred singly onto the universal bottle containing 10-ml sterile distilled water with 0.02% sterile Tween 20, and vortexed for 5 min. Conidial concentration was determined using a Neubauer counting chamber. The experiment was replicated four times.
Virulence of M. anisopliae formulated in emulsifiable extract of C. aurea on different developmental stages of R. appendiculatus Conidia of M. anisopliae isolate ICIPE 07 were harvested from a 3-week-old culture by scrapping the surface of sporulating culture. Conidia were suspended in sterile distilled water containing 0.05% Triton X-100 in universal bottles with glass beads. Different concentrations of emulsifiable extract (0, 1.25, 2.5, 5, and 10%) were added to the suspension and vortexed for 5 min to produce homogenous suspension. Ten milliliters (10 ml) of a standard concentration of 1.0 9 10 9 conidia ml -1 was prepared for each of the treatments and sprayed on larvae, nymphs, and adults of R. appendiculatus using the Burgerjon's spray tower (Burgerjon 1956 ) (INRA, Dijon, France). Each treatment group had two different controls: one received sterile distilled water containing 0.05% Triton X-100 only and the other received sterile distilled water containing 0.05% Triton X-100 with 10% emulsifiable extract without fungus. Twenty ticks were used for each treatment, and the experiment was replicated five times. Tick-tests were transferred in the vials (1.5 9 12 cm 2 ) and maintained in an incubator at 25 ± 2°C and 75% RH. Mortality was recorded daily for 14 days. Dead ticks were immediately removed and surface-sterilized with 2.5% sodium hypochlorite and 70% alcohol, rinsed twice in sterile distilled water, and then placed into 9-cm-diameter Petri dishes lined with moistened filter paper to allow the growth of fungus on the cadaver. The viability of conidia was tested before any bioassay by spread-platting 0.1 ml of the suspension (titrated to 3.0 9 10 6 conidia ml -1 ) on SDA plates. Plates were then incubated at 25 ± 2°C for 18 h. Sterile microscope cover slip was then placed on each plate, and the percentage of germination was determined by counting 100 spores for each plates.
Data analysis
Compatibility between the fungus and semiochemicals was calculated using the formula proposed by Alves et al. (1998) to classify chemical products according to their toxicity to entomopathogenic fungi in vitro. This classification is based on calculations of the T factor, which relates vegetative growth (VG) and sporulation values (conidiogenesis) (SP) to the control (%): T = [20 (VG) ? 80 (SP)]/100. In this model, values for vegetative growth (MDW) and sporulation count (SC) are given in relation to the control (100%). ''T'' values between 0 and 30 classify products as very toxic; from 31 to 45 as toxic; from 46 to 60, moderately toxic; and above 60, products are considered compatible with the fungus being studied. Analysis of variance (ANOVA procedure of SAS (2001)) was used to analyze percentage germination, radial growth, and mortality data. Percentage mortality (at 14 day posttreatment) was also adjusted for natural mortality in controls using Abbott (1925) formula before analysis and was then analyzed using two-way analysis of variance for a completely randomized design. Tukey test was used for post hoc analysis. A value of P \ 0.05 was considered significant.
Results
Effects of emulsifiable formulation of leaf extract of C. aurea on radial growth, mycelial dried weight, conidial yield, and viability of M. anisopliae ICIPE 07
Emulsifiable formulation of C. aurea leaf extract at all the concentrations did not affect the vegetative growth, conidial yield, mycelia dry weight and conidial viability of the M. anisopliae compared to the control (Table 1) . On the other hand, AAAP significantly reduced the colony diameters, mycelial dry weight and conidial yield of M.
anisopliae at all the concentrations tested ( Table 2) . Emulsifiable formulation of C. aurea was highly compatible with fungus at tested dose \10 % and compatible at the concentration of 10% (Table 3) . AAAP was toxic to M. anisopliae at 0.005% concentration and very toxic at 0.01 and 0.02% (Table 4) .
Virulence of M. anisopliae formulated in emulsifiable extract of C. aurea on different developmental stages of R. appendiculatus
In viability tests, approx. 98% of conidia germinated. The mean mortalities in the controls were 1.7, 2.8, and 2.3% in larvae, nymphs, and adults, respectively (Table 5) . M. anisopliae alone induced mortalities of 72, 77 and 100% in adults, nymphs, and larvae, respectively. Similar trends were observed at each dose tested with the combination fungus-C. aurea. However, mortality rates varied according to the developmental stage. For instance, mortality rate of 100% was observed in larvae, of 74.8-79.1% in nymphs, and 68.9-74.1% in adults (Table 5) . No significance difference in virulence was observed between M. anisopliae applied alone and M. anisopliae formulated in different concentrations of C. aurea extract. All the ticks 
Control
17.2 ± 1.0a 33.0 ± 0.5a 81.1 ± 1.1a 11.2 ± 1.7a 98.4 ± 1.7a SDA* ? 1.2% 15.2 ± 1.0a 31.4 ± 1.1a 74.9 ± 7.6a 11.1 ± 0.6a 97.2 ± 1.1a SDA ? 2.5% 16.8 ± 1.7a 32.2 ± 0.5a 78.0 ± 5.1a 10.6 ± 1.4a 98.4 ± 2.8a SDA ? 5% 17.2 ± 1.5a 31.4 ± 0.5a 80.5 ± 12.8a 10.8 ± 0.8a 97.8 ± 2.6a SDA ? 10% 16.8 ± 1.0a 31.8 ± 0.5a 75.2 ± 9.7a 9.7 ± 4.8a 97.8 ± 2.1a 16.4 ± 1.5a 31.6 ± 0.5a 77.9 ± 1.3a 10.6 ± 1.5a 99.0 ± 1.0a SDA ? 0.005% 6.6 ± 1.0b 16.8 ± 1.1b 8.3 ± 1.1b 3.9 ± 0.5b 13.2 ± 16.0b SDA ? 0.01% 6.8 ± 1.0b 16.6 ± 1.5b 7.9 ± 1.0b 0.4 ± 0.4b 10.0 ± 12.5b SDA ? 0.02% 6.8 ± 2.0b 14.2 ± 1.1b 6.7 ± 1.2b 0.0 ± 0.0b 0.0 ± 0.0 b 
Discussion
We have demonstrated that combination of emulsifiable extract from C. aurea with M. anisopliae did not affect fungal growth parameters, namely, germination, radial growth, mycelial dried weight, and conidial yield regardless of the concentrations. Similar results were reported with extracts from Ocimum sanctum Linn. (Lamiaceae) with M. anisopliae (Borgio et al. 2008) . Compatibility between the plant extract and fungal germination is necessary since germination is the first step in infection process (Roberts and Humber 1981) . For instance, Hirose et al. (2001) reported that neem oil had negative effect on B. bassiana, inhibiting germination (45.3%), colony diameter (36.6%), and conidiogenesis (84.9%). The use of incompatible plant extracts may therefore inhibit the development and reproduction of the pathogens, affecting pest control (Malo 1993) . Although the larval stage was more susceptible than nymphal and adult stages, conidia of M. anisopliae formulated in emulsifiable extract of C. aurea did not affect the virulence of the pathogen against the different developmental stages of R. appendiculatus. Differential susceptibility among different developmental stages in ticks has already been reported by many workers (Kaaya et al. 1996; Samish et al. 2001; Angelo et al. 2010) . Conidia of M. anisopliae formulated in emulsifiable leaf extract of C. aurea did not result in any synergism effect against tick as reported in the case of B. bassiana and neem against Spodoptera litura Fabricius ( Mohan et al. 2007) .
Contrary to C. aurea emulsifiable extract, AAAP significantly inhibited all the growth parameters of M. anisopliae. This inhibition could be due to individual or combined effects of nonanoic acid and synthetic phenolic compounds that are part of the tick pheromone (Maranga et al. 2003) . For instance, nonanoic acid produced by Trichoderma spp. has been reported to inhibit spore germination and mycelia growth of two cocoa pathogens (Anedja et al. 2005) . On the other hand, phenolic compounds have been documented also to inhibit the growth of entomopathogenic fungi (Lopez-Llorca and OlivaresBernabeu 1997). These results suggest that conidia of M. anisopliae cannot be mixed with AAAP but used separately (Nchu et al. 2009 .
Since emulsifiable formulation of C. aurea does not have any effect on M. anisopliae, it can, therefore, be mixed with fungal conidia and spot-sprayed in grazing field while AAAP should be used separately in baited trap as reported by Nchu et al. (2010) . Control (no extract, no fungus) 1.7 ± 0.8a 2.8 ± 0.9a 2.3 ± 1.8a
Control (10% extract no fungus) 2.5 ± 4.0a 1.9 ± 1.0a 3.2 ± 0.7a Ma 10 9 ? 0% 100.0 ± 0.0b 77.3 ± 7.5b 72.5 ± 5.6b
Ma 10 9 ? 1.25% 100.0 ± 0.0b 79.1 ± 9.2b 70.8 ± 7.6b Ma 10 9 ? 2.5% 100.0 ± 0.0b 74.8 ± 9.7b 74.1 ± 8.5b
Ma 10 9 ? 5% 100.0 ± 0.0b 75.7 ± 9.5b 68.9 ± 9.9b Ma 10 9 ? 10% 100.0 ± 0.0b 74.9 ± 9.8b 69.7 ± 6.2b 
